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�* 1  �•6&5Ë&	dKp�|�Å+°	4�<C�3ë  
Fig. 1  Preparation of PP adsorbents containing amidoxime group 

=” 1  PP-g-AN/AA 和 PP-g-AN/AAm 的表征结果 
Table 1  Characterization of the PP-g-AN/AA and PP-g-AN/AAm 

�|�Å  �Ñ�É(³ /% 
�o2L	WFû/% 

ρAN / (mmol · g������ �•6&5ËD˜�B(³ /% 
N C H 

PP-g-AN/AA 90 4.82 70.65 10.05 3.43 71 

PP-g-AN/AAm 67 9.00 71.44 10.89 3.07 91 

��z"•�Ò+°Iì (3.3 μg/L)�g>�� [UO2(CO3)3]
4���Ž�;�„

�T [5]� �SFû�³(Z�ÑE•�•6&5Ë&	dKp�|�Å6)�5�t�\�ú

"£!`�Y�øKòIìFœ.ç�| [6–10], �[�,1§�£�5�´�©�À*T�y

�›+°*T�º"£!`�üIì+°	dKp�|�Å� ���XP��:-@/¢�l+°

�ÊO¸3ÿ�È=”�:  30 �U�±Iì+°�Ÿ�s�
 �b(³�f  0.5 g/kg, 

240 �U+°"£A��ÊO¸�g@Í�
 �b 1 kg SðN¨[11]�  �T-ßF¤

+ü!`#â"Þ�ù9/�5�f,$�Ã�\+°-Ý�S	WIì/,!`#â"Þ�Y , 

I ì � g >  � � [UO2(CO3)2]
2�� 	¸ [UO2(CO3)3]

4�� � Ž � ; � „ � T , 

�:"£!`�YIì+°�Ž�-&�X�,7 � ;©&b�ù9/!`,$,$�%!�

D¯0¬�•, �r  CO3
2��+°"•�Ò� P� , � : �•6&5Ë&0
�µFy

�y UO2
2++°�ñ�á� �QFù� �� • , �,�•�•6&5Ë&	dKp

�|�Å�
�b�5�f�Ë"Þ�Y�ÚFûIì+°-@/¢�¢�&/÷,$�À+°"m

/7�´�5�;�u , 	��f�'!nP��t3û"z�\�0)2	WIì�j�0�S

�5�f�Ë"Þ+°�å"��ü�Ç)2@æ�É�š	¸�¬�[�[�-�  

1  �ÊO¸�|�Å�:�å"�  
1.1  �ÊO¸A��n  

-‰F¤I ìFœ(UO2(NO3)2 · 6H2O, G.R., Chemapol, 

� £ �w �Û"G �< �w) � � -ßF¤ I ìFœJ !((NH4)4[UO2(CO3)3], 

�e �š � ³ (Z [12]�b �3 )� � -ßF¤I Ì (Na2CO3, A.R., �C �Ø 

�B� � �® )� � .#F¤�5� -F› ((C4H9O)3PO, A.R., � )8›Kò 

�� �B�’A��n�C�Ø�5K|�˜	$ )�� �m�¸&# (C12H26, A.R., 

! ¯ � � � B � < � � � F � 6 " £ � 5 K | � ˜ 	 $ ) � � - — F ¤ � Æ I í J !

((NH4)2Fe(SO4)2·6H2O, A.R., �U"Q�.�U!ß�B�’A��n

�®)	¸+üF¤4Ë6&(NH2OH·HCl, A.R., >«Ks�B��5Í�)�5

K|�˜	$ ), �Ñ�«*T� �E&�F¤ (CH2= CHCOOH, A.R.)

	¸�E&�6t (CH2= CHCN, A.R.)BY7��C�Ø+ö�U1ê3ò�B

�’	í�5K|�˜	$ , �«*T�y3û�û�·9äN»�ü3Û� �E&�Fœ6&

(CH2= CHCONH2, A.R.)BY7 � �C �Ø �B � ’A � � n � ˜ 	 $ , 

�«*T�y3ûFù3ÿ�¢�ü3Û� 5†�E&� (20 ,� )1µ�Å*]�C�Ø�B

� � -@/¢KŽ�ü�Ç, �«*T�y*T�EFš�T2N!; �ü 	 � � ” �Y�é

�ü  24 �;�"K•�ç�nBT , ,K/¦�ž'��3*T� K•'¥�WA �:�B , 

�¢�…A��n�s�f�2�¼3Û� �ÊO¸*T!`�fB±3Û!`�  

1.2  �ÊO¸���”  
�o2L �2 �¼�T�o2L �2 �¼� � Vario EL (Elementar 

Analysensysteme GmbH, �ã�) )�6"w�Æ� *a�K5R	40u

.ç� | � • �Ë� | �ý �0 �uA] � � (ICP-AES, Leeman, 4º � ) ) 

*T�º"wFûIì+°"•�Ò� Iì+°�ì"wK|�f 0.05 mg/L�  

1.3  �•6&5Ë&	dKp�|�Å+°�b�3  
�•6&5Ë&	dKp�|�Å+°�b�33û�²M°D¼�0�Ñ�É�•5†

	¸�•6&5Ë�B�P�VDó/7(�®�*  1), �£�•Dó/7�ö=”��î

>í�³(Z [13��14]� �l�b�3+°�YK �Ó'•5†�E&� ���E&�6t /

�E&�F¤(PP-g-AN/AA) 	 ¸5†�E&� �� �E&�6t / �E&�Fœ6&

(PP-g-AN/AAm) +°=”�3ÿ�È�®=”  1 �l.f� �T�,3ô�Ó

'•5†�E&� �� �•6&5Ë/�E&�F¤(PP-g-AO/AA) 	¸5†�E&� ��

�•6&5Ë/�E&�Fœ6&(PP-g-AO/AAm)�Y , �•6&5Ë&+°�ò

�Ò�2�W�f 2.21	¸ 2.55 mmol/g�  
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1.4  -ßF¤IÌ#â"Þ�ù9/�M��	WIì�5�f�Ë"Þ  
� 2 � , � Æ B T F û + ° UO2(NO3)2·6H2O # â � º 30%+°

TBP�� �m�¸&##â"Þ�YFy�<�M��	WIì�5�f�Ë"Þ , ���¢�Y

Iì+°"•�Ò�f ����mg/L� �Ó�b,$!� (�5�f,$�•/� � : !`,$

�•/��w!� )�����2�5�f,$	¸�,�Æ"•�Ò+°  Na2CO3 #â"Þ�Ì

� ‘ .ç�ï0Í�Y , �T�~#U�[8•0Ý�Y 25oC �7�[8•� �ù9/

�¸ �<	: , 3û 8000 r/min .ç�ï �2,$ , 	 � �7�n!`,$ , *T 

ICP-AES"w�Æ�¢�YIì+°"•�Ò� ��

Iì+°9/	�(³ E(%)	�*T�; (1)!n�Ã :  

 e

0

100,
C

E
R C

�  � u
�u

 (1) 

C0 �f�5�f,$�YIì+°�I�÷"•�Ò (mg/L); Ce �f9/	��¸�<

	:!`,$�YIì+°"•�Ò (mg/L); R �f,$!��  

1.5  �•6&5Ë&	dKp�|�Å�T�M���ù9/!`,$�Y�%

Iì+°	dKp�ÊO¸ ��
/�	���-�BTFû+°	dKp�|�Å , �:�,�Æ�•/�+°Iì"•

�Ò�f  20�a120 mg/L +°  NH4[UO2(CO3)3]#â"Þ(Na2CO3

" • �Ò � f  3 mmol/L � ˆ � f / _ �Æ�n , �M � � �ù9 / ! ` ,$ ) �T

25 oC E�=x�[8•	dKp� *T  ICP-AES "wFû	dKp	:#â"Þ

�Y�•�…Iì+°"•�Ò�  

	dKp�|�Å+°	dKpFû Q(mg/g)	�*T�; (2)@Í0Ã:  

 0 e( )
,

C C V
Q

W
��

�  (2) 

Iì+°	dKp�t(³ E (%)	�*T�; (3)!n�Ã :  

 0 e

0

100,
C C

E
C
��

�  � u (3) 

�¢�Y , C0 �f	dKp"Þ+°�I�÷Iì"•�Ò (mg/L); Ce �f	dKp

	:�6�n#1"Þ+°�•�…Iì"•�Ò (mg/L); V �f	dKp"Þ+°�•

/� (L); W �f	dKp�|�Å+°BTFû (g)�  

2  3ÿ�È�:@Ô@æ 
2.1  �ù9/�Ô�Ç�’  

!`,$�%�5�f,$�YIì+°�ù9/�t(³K»�"K +°	��B�®

�*  2 �l.f� 	� ��,7�& , �[8•  5 �2IË�Ÿ	�Dê�\  100%

+°�ù9/�t(³ , K»,l�[8•�"K +°Ê�Ì , �ù9/�t(³*‘�5

�7Ky, 1 �;�"	:�ù9/�t(³	�4 �-�T  91%��	�� E��5

	�6)�[/ ¦ !@�Y  CO2 �•	ù+°4D�q� �f � 	@í	:4��ÊO¸

+°Fù�9�S, �ù9/�Ÿ=•�"K E5���f 1 �;�"�  

2.2  -ßF¤IÌ#â"Þ+°"•�Ò�%�ù9/+°�•	ù  
�«*T Na2CO3 #â"Þ�%	WIì�5�f�Ë"ÞE�=x�ù9/	: , 

UO2
2+�FE��‘-Ý�S!`,$#â"Þ�Y , �:!`,$�Y+°  CO3

2���Ž  

��

R = 2, [CO3
2��]=4 mmol/L, [UO2

2+]= ����mg/L 

�* 2  �"K �%-ßF¤IÌ#â"Þ�ù9/�5�f,$�YIì+°�•	ù  
Fig. 2  Effect of time on the stripping of UO2

2+ from  
organic phase by sodium carbonate solution 

 

�<  UO2(CO3)2
2��	¸  UO2(CO3)3

4��0u�Ž�;+°K`.ç�|Fy	4

'•� �®�È#â"Þ�Y�„�T+°  CO3
2��"•�ÒD¯P�, �T�«*T�•

6&5Ë&	dKp�| �Å�%�ù9/!` ,$�Y+°IìE�=x�øKòDó/7

�Y , CO3
2���ë�ñ�F�:�•6&5Ë&0
�µFy�y  UO2

2+58�•	ù

	dKpFû; �®�È!`,$�Y+°  CO3
2�� " • �Ò�V�z �����E�F�• 	ù

UO2
2+ �T#â"Þ�Y+°/_�Æ�S, �(7 Iì��!N!S�B'•+°�Ž

�;!µ"ì�7�‘� �� • , 5/��-ßF¤IÌ#â"Þ"•�Ò�%�ù9/+°

�•	ù�[�´�5�ñ>+°�  

!`,$�%�5�f,$�YIì+°�ù9/�t(³K»  Na2CO3 #â"Þ

"•�Ò+°	��B�®�*  3 �l.f� �•  Na2CO3 #â"Þ"•�Ò�f  0

�" (�ŸE5��3Û!`�%	WIì�5�f,$E�=x�ù9/ ), �ù9/�t(³

�ñ�f  40%; �•  Na2CO3 #â"Þ"•�Ò�TD¯�z8/� (0.1~0.5 

mmol/L, �Ÿ!`,$�Y  Na2CO3 �: �5�f,$�Y  UO2
2+ +°�•

�@!��;�º  10)�" , Na2CO3 #â"Þ�% TBP�� �m�¸&##â"Þ

�Y  UO2
2+ �ù9/�t(³�;�º 90%; �•  Na2CO3 #â"Þ�TD¯

P�"•�Ò8/� (1~5 mmol/L, �Ÿ!`,$�Y  Na2CO3 �:�5�f

,$ �Y  UO2
2+ +° � • �@! � �S � º 20)�" , Na2CO3 #â"Þ �%

TBP�� �m�¸&##â"Þ�Y UO2
2++°�ù9/�t(³�~�Æ�T 90%

���6� �T�ÊO¸�l*T+°  Na2CO3 "•�Ò8/� �± , �¢��Iì

+°!N!S�B'•!µ"ì*K�< , 	�6)+°�Ë���[�5�f,$�YIì"•

�Ò�f  5 mg/L, 3û�z"•�Ò  Na2CO3 #â"Þ�ù9/	: , !`,$

�YIì+°"•�Ò� �z , �9Bß��!µ"ì�7�‘� �� • , �f�	@í

D¯P�+°�ù9/�t(³�@!`,$�Y  CO3
2��"•�Ò�9�F�•	ù�•6&

5Ë&	dKp�|�Å+°	dKp�S6), �D�B�ù9/�ÊO¸�•�"�f,$

!��f  2, !`,$�Y  Na2CO3 �:�5�f,$�Y  UO2
2++°�•�@!�

�S�º 20�  

2.3  ,$!��%�ù9/+°�•	ù ��
�5�f�Ë"Þ�Y ·�…+°Iì+°"•�Ò�´�z , �9�U�º	:4�  
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n (CO3
2��):n (UO2

2+) = 100, [UO2
2+] = ����mg/L 

�* 4  ,$!��%�ù9/+°�•	ù  
Fig. 4  Effect of the phase ratio on the stripping  

of UO2
2+ from organic phase 

��

m 	dKp� | �Å =30 mg, [U(VI)]= ������mg/L, V=10 mL 

�* 5  �[8•EK(³�%�•6&5Ë&	dKp�|�Å	dKp+°�•	ù  
Fig. 5  Effect of oscillation rate on the adsorption of 

UO2
2+ by AO-based adsorbents 

��

R = 2, [UO2
2+] = ����mg/L 

�* 3  -ßF¤IÌ#â"Þ"•�Ò�%�5�f,$�YIì+°�ù9/�t(³+°�•	ù  
Fig. 3  Effect of the concentration of sodium carbonate solution  

on the stripping of UO2
2+ from organic phase 

 
(Û7®�Y�«*T�•6&5Ë&	dKp�|�ÅE�=xIì+°�
�b� 	���

EFDó�;�•/�+°  Na2CO3 #â"Þ�%�S�•/�+°�5�f,$E�=x

�ù9/ , �«�Ã!`,$�YIì+°"•�Ò�Ã�\�ü�s� �� • , �=��

5/��,$!��%�ù9/+°�•	ù�  

!`,$�%�5�f,$�YIì+°�ù9/�t(³K»,$!�+°	��B�®

�*  4 �l.f� K»,l,$!�*]  2 Ê�Ì�\  8����Na2CO3 #â"Þ�%

TBP�� �m�¸&##â"Þ�Y UO2
2+ +°�ù9/�t(³�~�Æ�T  90%

��	 � , E��]A �: �•,$!�� f  8 �" , 3û Na2CO3 #â"Þ�ù

9/�Ÿ	� �2�5�f ,$�Y�z"•�Ò+°Iì �øKò  7 �9� � �6�  � �

 • , �%�5�f�Ë"Þ�Y�ÚFûIì+°�
�b"m/7	�E5��	4E.+°

�ù9/,$!� , �2IìE�=x�ù9/"•4U , � �5�U�º�Ê(Ü�•6&

5Ë&	dKp�|�Å�
�b!`,$�YIì+°,��3�  

2.4  �F3Ó9/	� ��
�f�²E��, ‘Ky�z�5�f�Ë"Þ�YIì+°	WFû , �Ó�b,$

!��f 8, �5�f,$Iì"•�Ò�f 5 mg/L, Na2CO3 "•�Ò�f 16 

mmol/L, E�=x�53Ó�ù9/�ÊO¸� 3ÿ�È�ý(Ü , EFDó�P3Ó

�ù9/ , �5�f,$�Y  99%���6+°IìE��‘  Na2CO3 #â"Þ�Y����

0X�53Ó�ù9/�"����!`,$�YIì+°"•�Ò��3û�z�º���”�ì"w

K|� �� • ����	WIì�5�f�Ë"Þ3û   Na2CO3 #â"Þ�P3Ó�ù9/

	: �����5�f,$�YIì"•�Ò�z�º ������5 mg/L, �Ÿ	�*T�d>ð�å

"�E�=x�0)2� ��

2.5  �[8•EK(³�%	dKpDó/7+°�•	ù  
�[8•EK(³�%�•6&5Ë&	dKp�|�Å	dKp�S6)+°�•	ù

�®�*  5 �l.f , *]�º	dKp�Š�º�,.ù�LBTDó/7 , �®�È�[

8•EK(³�f  0 (�ŸL…�-	dKp), �E�9�U�º  UO2
2+ 	=	dKp

�|�Å=”LŽ�•�• ; 58�[8•EK(³+°���Ž�9�F�•	ù	dKp�|

�Å+°	dKp�S6)� �� • , �T�	@í	8�c+°	dKp�Ÿ=•�"K 

+°�•�"�7 , 	���E5���z�[8•EK(³E�=x	dKp�ÊO¸�  

2.6  	dKp�Ô�Ç�’�ö	dKp�åFû ��
�* 6 �f�"K �%�•6&5Ë&	dKp�|�Å	dKp�M���ù9/

!`,$�YIì+°�•	ù� 	���,7�& , 	dKp�|�Å+°	dKpFû Q 
� tK»�"K  t Ê�S, �w	: �6 �s4?�Ž , E<#<Dê�\ �Ÿ=•�  

�%�º PP-g-AO/AA 	dKp�|�Å , 12 �;�"E<#<Dê�\	dKp

�Ÿ=•; �%�º PP-g-AO/AAm 	dKp�|�Å , 8 �;�"E<#<Dê

�\	dKp�Ÿ=•� �f�²�ë�º�%!� , 	:4�+°	dKp�ÊO¸+°�Ÿ

=•	dKp�"K �s�f 12 �;�"�  

�*  7 �fIì+°�I�÷"•�Ò�%�•6&5Ë&	dKp�|�Å	dKp

�åFû+°�•	ù� 	���,7�& , �T-@/¢"•�Ò8/� �± , 	dKp

�|�Å+°	dKpFû Q K»"•�Ò C0 +°Ê�S58�sP�, E<#<Dê 
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m 	dKp� | �Å =30 mg, [U(VI)]= ������mg/L, V=10 mL 

�*  8  �M���ù9/!`,$�Y-ßF¤IÌ#â"Þ"•�Ò�%�•6&5Ë&	dKp

�|�Å	dKp�S6)+°�•	ù  
Fig. 8  Effect of the concentration of sodium carbonate 

solution on the adsorption of UO2
2+ from aqueous 

solutions by AO-based adsorbents 

��
m 	dKp� | �Å =30 mg, [U(VI)]= ������mg/L, V=10 mL 

�* 6  �"K �%�•6&5Ë&	dKp�|�Å	dKp�M��  

�ù9/!`,$�YIì+°�•	ù  
Fig. 6  Effect of time on the adsorption of UO2

2+ 
by AO-based adsorbents 

��
m 	dKp� | �Å  = 30 mg, V = 10 mL 

�* 7  Iì+°�I�÷"•�Ò�%�•6&5Ë&	dKp�|�Å	dKp�åFû+°�•	ù  
Fig. 7  Effect of the initial concentration of uranium on the 

uptake capacity of AO-based adsorbents 

 

� \ � , � V � Ÿ 	 � , � Ÿ D ê � \ N • 	 ¸ 	 d K p �  PP-g-AO/AA 	¸

PP-g-AO/AAm E��P.ù	dKp�|�Å�T�M���ù9/!`,$�Y

�%Iì+°�,�S	dKp�åFû�2�W�f 18.74	¸ 4.89 mg/g�  

2.7  -ßF¤IÌ#â"Þ+°"•�Ò�%	dKp+°�•	ù ��
���f�
�b�5�f�Ë"Þ�Y+°�ÚFûIìL,*T  Na2CO3 #â
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��
[U(VI)] = ������mg/L, V = 5 mL 

�* 9  PP-g-AO/AAm (a) 	¸ PP-g-AO/AA(b) 	dKp�|�Å+°�«*TFû�%	dKp�t(³+°�•	ù  
Fig. 9  Dose effect of PP-g-AO/AAm (a) and PP-g-AO/AA (b) adsorbents on the adsorption of UO2

2+ from aqueous solutions 
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Fig. 10  The recyclable performance of the PP-g-AO/AAm 

adsorbents 
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�* 11  	WIì�5�f�Ë"Þ�Y�ÚFûIì+°�øKò�
�b"m/7�*  
Fig. 11  Scheme of the process for recovering the trace uranium in organic waste liquid phase 
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